Objective: Many types of treatment are available for patients with rheumatoid arthritis (RA), however, some patients fail to achieve remission. This report aims to determine the safety and efficacy of using repository corticotropin injection (RCI) as an adjunctive therapy in patients with RA refractory to at least three therapeutics with different mechanisms of action.
Introduction
In the USA, there are ~1.5 million adults suffering from rheumatoid arthritis (RA), with women more likely to develop the disease. 1 RA is a chronic, systemic autoimmune disorder that can develop at any age and is characterized by swelling, stiffness, and tenderness of the joints, as well as progressive bone and joint damage. 2 The destruction of cartilage, bone, joints, and damage to other organ systems in patients with RA results in disability and an increase in mortality. [2] [3] [4] Perpetuation of inflammation is mediated by a variety of cell types, including osteoclasts, fibroblast-like synoviocytes, chondrocytes, T-cells, and B-cells. 5 Current therapeutic options for RA include those that target the underlying inflammatory disorder. 3 Disease-modifying antirheumatic drugs (DMARDs), such as methotrexate (MTX), sulfasalazine, and hydroxychloroquine, are usually prescribed to combat the inflammation associated with RA. Corticosteroids are also frequently used in patients with RA to rapidly control the inflammation associated with the disease. 6 While certain antirheumatic drugs have a long history in the clinic, the introduction of biologics in the late 1990s offered patients with RA additional therapeutic options; there are at least ten currently approved biologics, half of which are tumor necrosis factor-α (TNF-α) inhibitors. 7, 8 The remaining inhibitors antagonize the inflammatory response by targeting interleukin (IL)-6 receptor, receptoractivator of nuclear factor kappa B ligand, IL-1 type-1 receptors, adhesion molecules (i.e., CD20 on the surface of B-cells), and signaling required for T-cell activation. 7 The American College of Rheumatology (ACR) suggests that remission in patients with established RA is an achievable goal due to the introduction of these various therapies and treatment strategies. 9 Despite the availability of several effective options for treatment of patients with RA, including corticosteroids, DMARDs, and biologics, many patients have inadequate disease control. Up to 30% of all patients can experience glucocorticoid resistance, which includes those patients with inflammatory disease. [10] [11] [12] [13] [14] [15] [16] [17] Not only are patients refractory to corticosteroid treatments, but between 14% and 38% of patients do not respond to first-line biologics (i.e., anti-TNF-α therapies). 18 Evaluation of the use of sequential TNF-α therapies in patients with RA via systematic review of clinical, peer-reviewed studies indicates that increasing the number of biologics used is associated with a decrease in likelihood of response. 19 Repository corticotropin injection (RCI) contains a longacting formulation of a porcine analog of adrenocorticotropic hormone (ACTH , prepared in 16% gelatin). 20 RCI is not considered a member of the aforementioned classes of treatments; however, ACTH was identified as a modulator of symptoms in RA over 50 years ago. 21 While ACTH, a member of the melanocortin family of peptides, can have steroidogenic effects, its mechanism of action (MOA) is dependent upon melanocortin receptor activation. 22 RCI is Food and Drug Administration approved as an adjunctive therapy for the treatment of rheumatic disorders, particularly in patients with acute episodes or exacerbation of disease. 20 However, no completed trial exists that has assessed RCI in patients who have failed at least three therapeutic options with different biologic MOAs.
This single-center, prospective, open-label, interventional study includes patients who are refractory to at least three different therapeutics with various biologic MOAs. Patients also received all clinical standards of care. The primary objective of this study was to assess the efficacy and safety of RCI treatment in patients with refractory RA as an add-on therapy.
Methods Patients
Adult male or female patients, aged 18-80 years, with confirmed RA based on the ACR/European League Against Rheumatism criteria 23, 24 were eligible to participate in this study after providing written informed consent/Health Insurance Portability and Accountability Act authorization (clinicaltrials. gov, NCT01966718). Each patient was required to have RA for at least 2 years, an ACR functional status between one and three, and been treated with at least three therapeutic agents with a different MOA for >3 months and still have active disease, defined by six tender and six swollen joints. Erythrocyte sedimentation rate (ESR) >28 or C-reactive protein (CRP) >1.2 times the normal limit was required; however, waiver of these particular criteria was at the discretion of the investigator. Each patient must have maintained a stable treatment regimen for 4 weeks prior to initiation of RCI therapy. Patients were excluded from this study if they had the following: received RCI therapy before, an allergy or intolerance to corticosteroids, uncontrolled diabetes, active infection, malignancy within the last 5 years, or an unstable disease state deemed significant by the investigator. Any impending surgery that might interfere with treatment schedules and those diagnosed with kidney disease (glomerular filtration rate <30 mL/min) were also excluded. Females who were pregnant or lactating and any patient who refused adequate methods of birth control were excluded. One patient included in this study had the criteria for malignancy waived and two patients' ESR and CRP criteria were waived for inclusion in this study. Ultimately, eight patients were enrolled in this study (N=8).
Study design
This interventional study aimed to determine the safety and efficacy of treating patients with RA refractory to at least three therapeutics of varying MOAs with RCI as an add-on therapy. It was an open-label study that included a single group assignment. The study site involved in this trial received approval from the Western Institutional Review Board. 
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Acthar for patients with refractory RA administered by the investigator and subsequent doses were self-administered. Patients included in this study continued on stable doses of prednisone, biologics, and/or DMARDs, nonsteroidal anti-inflammatory drugs, and analgesics while being treated with RCI.
Clinical evaluation
The study included five visits and two follow-up visits after cessation of RCI therapy. Observations during these visits included the standards of care for clinical follow-up, particularly vital signs, health assessment questionnaire (HAQ) scores, joint count (full count of 68 joints), patient global visual analog scale (VAS), physician global VAS, disease activity score for RA (DAS28), and assessment of adverse events (AEs). Detailed patient histories were taken in order to ascertain improvement during the course of treatment. Primary endpoint measures included the Ritchie-Camp Articular Index 25 and the 20-item HAQ score prior to treatment and at 2-to 4-week intervals. Secondary endpoint measures included acute ESR and CRP levels. Outcome measures were assessed at baseline and at weeks 0, 2, 6, and 12. After cessation of RCI therapy, measures were assessed at follow-up visits at weeks 14 and 16.
Laboratory testing
Laboratory values were assessed at baseline and each following visit. Complete blood counts, chemistry screens of 12 parameters, ESR, CRP, rheumatoid factor (IgM only), urinalysis, and anti-cyclic citrullinated peptide values were assessed.
Statistical analyses
Demographic information was summarized using descriptive statistics (i.e., mean, standard deviation, median, and range). A paired-samples t-test was performed to determine statistical significance and values of P ≤0.05 were considered significant. Patients included in assessments were those who received RCI and completed an assessment after baseline measurements. Statistical analyses were performed using GraphPad Prism 6 software.
Results
Eight patients were enrolled in this study between October 2013 and June 2015. The population consisted of seven females and one male with an average age of 64.6 years, ranging from 46 to 80 years. Patients' mean disease duration was 20.9 years, ranging from 9 to 39 years. A complete record of baseline clinical characteristics is found in Table 1 .
On average, patients had a baseline tender joint count of 31.4 and a swollen joint count of 31. The HAQ scores ranged from 0.875 to 2.75, with an average of 1.78 prior to RCI treatment. Patients in this population had a mean failure of three biologics prior to their current RCI treatment regimen (Table 2 ). All patients had failed at least two therapies with biologic MOA and were currently failing another at the time of intervention with RCI. Concomitant medications are also listed in Table 2 ; during RCI treatment, all patients continued 
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Acthar for patients with refractory RA to receive MTX along with their current biologic. This patient population also maintained their prednisone dosing over the course of this study, which averaged 4.4 mg/day. After a 12-week treatment period, the primary endpoint of decreased swollen and tender joint counts was achieved. Patients exhibited significant improvement in tender (P=0.0047) and swollen (P=0.0004) joint counts, as well as the DAS28 score (P=0.0032; Figure 1A -C; Table 3 ). RCI resulted in a decrease in HAQ score; however, the reduction did not reach statistical significance (Table 3) . Physician and patient VAS scores significantly decreased by week 12 of RCI treatment (Figure 1D , E; Table 3 ). Although this cohort of patients had ESR and CRP values outside the normal range, no significant change in ESR or CRP was detected, which was likely related to the duration of treatment with biologic agents utilized in this patient population. After the study period had concluded, RCI was removed from the patients' treatment regimen, and all improvements gained during the 12-week therapy were lost by the second follow-up visit at week 16 ( Figure 1) .
Two serious AEs (SAEs) were reported during this study; the patient was admitted to the hospital after development of thromboses in both the lungs and legs. All AEs are listed in Table 4 . Two treatment-emergent AEs were reported and included injection site reaction and hypoglycemia. One patient ceased RCI treatments at week 12, missing two doses; all other reported events were transient and eventually resolved.
Discussion
This study demonstrates the effects of RCI treatment on patients with RA who are refractory to several classes of antirheumatic drugs, and is the only study performed among a modern patient population. At 12 weeks of treatment, patients with refractory disease responded to RCI treatment with a significant decrease in tender and swollen joint count, as well 
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Gillis et al as total DAS28 scores. In particular, patient VAS scores were significantly improved at week 12, which is a component of the DAS28. This scale reflects a measure of how severe a patient perceives their disease to be, as a higher score usually correlates to increased pain felt. 26 The use of RCI in this set of patients with RA led to a reduction in pain, which is one of the primary symptoms of RA and significantly affects the quality of life of the patient. Furthermore, the physician VAS was also reduced; previous literature has indicated that in instances where patient and physician assessments of disease are in concordance, patient adherence to therapy and outcomes improve. 27 Although both patient and physician assessment of disease activity were in concordance and statistically significantly reduced at 12 weeks, inflammatory markers did not change significantly. The use of ESR and CRP as indicators of disease has been called into question, particularly when referring to monitoring of RA. 28 In an assessment of correlation between the clinical measure of disease and ESR and CRP, it was shown that there was weak interaction between the affected joint counts and the laboratory values. 28 The results presented here also support this previous work; the more pertinent measures of disease activity may be those that are clinically relevant, as opposed to those based on laboratory values.
Removal of RCI from the patients' treatment regimen resulted in a return of the parameters of RA that had previously shown significant improvement to baseline. This suggests that patients with refractory disease may require long-term treatment with RCI.
The response of refractory patients suggests that RCI has an alternate MOA compared to corticosteroids and the available biologics, as well as MTX. ACTH exerts its steroidogenic effect by interacting with the melanocortin receptors in the adrenal cortex (MC 2 R), but can also have nonsteroidogenic effects by interacting with the receptors found on immune cells, osteoclasts, osteoblasts, and cells of the synovium (MC 1 R, MC 3 R, MC 5 R). [29] [30] [31] [32] [33] [34] The ability of melanocortins to have diverse moderate effects among a wide variety of cell types as opposed to significant inhibition of a specific aspect of the immune response classifies it as a pro-resolving molecule. 22 In particular, ACTH is associated with both promotion of anti-inflammatory cytokine production and inhibition of proinflammatory responses, acting as a pro-resolving molecule and resulting in amelioration of leukocyte infiltration of tissues, which is pertinent to RA pathology. 22, 31 In vivo evidence from a mouse model of arthritis supports the use of melanocortins 
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Acthar for patients with refractory RA as anti-inflammatory peptides. 33 Since melanocortins possess the ability to be pro-resolving molecules, they are attractive options for patients with inflammatory diseases. Synthetic melanocortins have been developed that are characterized by enhanced potency, improved duration of activity compared to endogenous melanocortins, and resistance to proteolytic activity. 35 In addition, selective agonist peptides, selective antagonist peptides, and small-molecule ligands have been and are being developed in order to target particular melanocortin receptors to exert control in particular pathologies; for example, MC 4 R has been the frequent target of development of agonists because of the association between this receptor and obesity. 35 RCI has been a Food and Drug Administration-approved treatment for rheumatic diseases for over 60 years and has a long history of safe use. The majority of AEs reported during this trial were mild and resolved and/or were unrelated to RCI treatments. One patient experienced development of blood clots in the legs and lungs and this was considered an SAE; however, it is not likely related to the study drug, but rather the RA. This SAE resulted in the patient missing the last two doses of RCI during the 12th week of the study.
This particular study has several limitations that must be considered. The trial size was small; the patient cohort was eight patients. Treatment of a larger population of patients with refractory RA may provide further insight into effective treatment and dosing strategies. Additionally, this was an open-label trial and physicians and patients were aware of the status of RCI administration. As such, sampling bias cannot be completely excluded. Furthermore, patients were on different medications at the time of intervention with RCI and no washout periods or standardization of concomitant medications was undertaken. However, administration of multiple classes of treatments, such as a DMARD and a biologic, is common in patients with inadequate response to MTX monotherapy. 8 This was also a single-group study and no cohort exists that was not receiving RCI in order to make a direct comparison.
Despite the limitations of this trial, RCI treatment in this group of patients with RA resulted in significant improvement. Swollen joint scores, tender joint scores, DAS28, and physician and patient VAS scores were all significantly reduced after 12 weeks. Two patients modified their concomitant medications during the follow-up period; one patient ceased taking the biologic due to development of nausea and headaches, while another patient removed MTX from the regimen due to fluctuation in lab values. Since patients with RA who are refractory to several treatments with differing MOAs are particularly difficult to treat, RCI may provide an effective treatment option for those patients based on the data herein. Larger clinical trials are required to further confirm the effectiveness of RCI treatment in patients with refractory RA. Additional trials are also necessary in order to determine the minimum effective dosing schedule for RCI administration in patients with refractory RA.
